Bacteraemia secondary to orotracheal intubation has been reported to occur in 0-5.3% of patients. Bacteraemia detection is dependent upon several factors including the volume of blood per culture and the number of cultures. Prior studies used small volumes of blood and one or two cultures, and may therefore have underestimated the incidence of bacteraemia. Sixty-two adult patients who underwent direct laryngoscopy and endotracheal intubation were studied. Baseline blood cultures were sterile in all patients. After intubation, four blood cultures were obtained in ten minutes, with 10 ml being evenly divided between aerobic and anaerobic media. Two patients (3.2%) became bacteraemic. This is a lower incidence than occurs in association with other procedures for which The American Heart Association does not recommend administration of prophylactic antibiotics. Therefore, prophylactic antibiotics are not recommended prior to direct laryngoscopy. However, when a prophylactic antibiotic is administered prior to surgery, it would be best to administer the antibiotic prior to direct laryngoscopy and intubation.
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MATERIALS AND METHODS ASA I-III patients age 18 years and over undergoing direct laryngoscopy and orotracheal intubation for elective general surgery were studied. Patients were studied at University Hospital, State University of New York Health Science Center, Brooklyn, New York and The Robert Wood Johnson University Hospital, New Brunswick, New Jersey. After Institutional Review Board approval at both institutions, written informed consent was obtained from sixty-two patients. Patients were excluded if they had an elevated temperature or white blood cell count, clinical signs or symptoms of an infectious process, had taken antibiotics in the past week, or had known coronary artery or valvular heart disease.
An intravenous catheter was placed in a sterile manner for administration of the anaesthetic. A second intravenous catheter was placed using the following sterile technique. The region was disinfected with 70% isopropyl alcohol before infiltration with 1% lignocaine for local anaesthesia. The area was wiped twice with povidone iodine using a circumferential outward motion, then wiped with a dry sterile gauze. One patient had only alcohol preparation because of a history of anaphylaxis to iodine. The anaesthesiologist wore sterile gloves to place the intravenous catheter. A three-way stopcock was attached to the catheter and a sterile dressing applied. Normal saline was infused slowly to keep the catheter patent. Ten ml of blood for culture were drawn before laryngoscopy, immediately after intubation, and two, five and ten minutes after intubation. Antibiotics, if requested by the surgeon, were not administered until after the final culture was obtained. Surgical preparation of the operative site was permitted during the ten minutes postintubation. However, procedures which might result in bacteraemia such as pelvic examination, urethral catheterization or insertion of an oesophageal stethoscope, were withheld until all blood cultures were obtained. The saline bag used to maintain the study intravenous line patent was cultured, to rule out the possibility that the solution may have contaminated the line.
A manual culture technique was employed for the first thirty patients using Vacutainer blood culture bottles (Becton Dickinson Microbiology Systems, Cockeysville, Maryland). This was comprised of Supplemental Peptone Broth (anaerobic) and Trypticase Soy Broth (aerobic). All bottles were observed for growth for seven days and subcultured after seven days. The laboratory then obtained new equipment and the BacT/Alert system (Organon Teknika, Durham, North Carolina) 12 was used for the remaining thirty-two patients. Blood was evenly divided between aerobic and anaerobic broth bottles. Positive cultures were plated onto appropriate media and organisms were identified by standard bacteriologic techniques. Cultures were considered positive if growth of an oropharyngeal pathogen occurred in at least one culture. Organisms which are highly likely to be skin contaminants were considered as such, except if the organism was isolated in two or more cultures 13, 14 . Two infectious disease physicians not involved in the study categorized isolates as representing true bacteraemia or contamination. The per cent of patients who became bacteraemic was determined and 95% confidence intervals were calculated 15 .
RESULTS
Sixty-two patients were studied. All patients had sterile baseline cultures (pre-intubation). Postintubation, four patients developed positive blood cultures. The first patient grew viridans streptococci in three cultures. The second patient grew Haemophilus parainfluenzae in the first and second culture after intubation but the third and fourth cultures were sterile. These cultures were judged to represent true bacteraemias. One culture in a third patient grew Staphylococcus epidermidis and one culture in a fourth patient grew Propionibacterium species; these were judged to be skin contaminants [13] [14] [15] [16] . Therefore, bacteraemia secondary to orotracheal intubation occurred in 2 of 62 patients (3.2%) (95% CI, 0.56% to 12%).
The patient who had only isopropyl alcohol preparation to place the angiocatheter had negative cultures. All cultures of saline solution to maintain line patency were sterile. Fifty-nine patients had four cultures performed after intubation. However, due to difficulty withdrawing from the angiocatheter in the time allotted, one patient had only three postintubation cultures, one had only two post-intubation cultures, and one patient had just one. Therefore, the total number of post-intubation cultures performed was 242. On several occasions, we could not withdraw the full 40 ml within the time required. In these cases the blood obtained was evenly divided between aerobic and anaerobic media.
DISCUSSION
Blood cultures are the standard method to detect bacteraemia. Manual techniques have a sensitivity of 99.6% when three 15 ml cultures are obtained 8 . A manual technique was used for the first thirty subjects. Manual techniques rely on human observation of gas, turbidity or haemolysis to detect growth 8 . When visual appearance suggests bacterial growth, the broth is plated onto media and cultured. Due to the possibility that bottles will be negative macroscopically, it has been standard practice in many laboratories to subculture all broth bottles when using manual techniques, even if signs of bacterial growth are absent. Thus we subcultured all bottles to prevent the possibility of a false-negative result. Midway through our study, the laboratory was modernized and obtained the automated BacT/Alert system which detects bacterial growth using an algorithm based on the rate of change of carbon dioxide concentration, i.e. the carbon dioxide concentration in each bottle is compared with itself over time, rather than a fixed standard 12 . We used the BacT/ Alert system in our last 32 patients and only subcultured broth if the system detected growth. This is accepted bacteriologic technique as the BacT/Alert has been shown to have equivalent sensitivity to manual methods 12 . The lack of necessity to subculture BacT/Alert bottles which do not indicate growth is well accepted 17 and the system is so sensitive it has been suggested that the duration of incubation and testing can be limited to five days 17 .
The organisms isolated from two patients, viridans streptococci and H. parainfluenzae, are part of the normal oropharyngeal flora 16 and are causative agents of bacterial endocarditis 18 . That these two patients had true bacteraemic episodes is supported by the fact that patients with true bacteraemia have a 75-80% incidence of positive subsequent cultures 8 . In contrast, patients in whom an isolated organism is a contaminant, either from the skin or due to a break in laboratory technique, have only an 11-14 % incidence of positive cultures thereafter, and these are usually with different organisms than are isolated on the first culture 8, 11 . In other words, if the isolated organism grows in two or more cultures it most likely represents a true bacteraemia, whereas if an organism grows in only one culture it most likely represents a contaminant. The only two isolates noted in a past report of bacteraemia from orotracheal intubation 2 were most likely contaminants; a single culture of coagulase-negative staphylococcus, almost undoubtedly a skin contaminant 8, 9, 11, 16 , and a single culture of Corynebacterium species, most likely a contaminant 8, 11, 13 from the skin 19, 16 . Since these authors performed only one culture, there is no way of knowing if the isolates would have grown in subsequent cultures. However, when isolated in one culture, Corynebacterium is a skin contaminant more than 95% of the time, and coagulase negative staphylococci are contaminants 82-85% of the time 13, 14 . By contrast, the patients who grew viridans streptococci and Haemophilus parainfluenzae in this study were certainly bacteraemic.
During bacteraemia in adults there may be <1-10 colony forming units/ml of blood 13 . Therefore, it is important to culture an adequate volume of blood. The yield from blood cultures increases approximately 3% per ml of blood cultured 5 . The American Society for Microbiology 5 recommends that blood cultures for adults contain at least 10 ml per culture, and preferably 20 ml, and volumes as large as 30 ml have been recommended by some authorities 6 . It has also been recommended that at least two or three separate cultures be obtained [6] [7] [8] . In contrast to earlier studies of bacteraemia during intubation (see Table  2 ), our protocol was to culture 10 ml per blood culture and to obtain four separate cultures, for a total volume of 40 ml. Therefore the sensitivity of our technique should have approached 100% 8 . Multiple cultures increase the likelihood of blood withdrawal during bacteraemia. In children undergoing a single dental extraction the optimum time for drawing blood has been reported to be 30 seconds after extraction has begun 20 . However, this may be an erroneous conclusion because, though the 30 second interval yielded the highest rate of positive cultures in this study, all subjects were not cultured at all time intervals. Therefore, some patients who had negative cultures at 30 seconds may have had positive cultures at a later time, had they been recultured. It is apparent that to achieve sensitivity approaching 100% it is necessary to obtain multiple cultures in a short period of time, from all subjects, as in the present study. Because of these considerations, data from earlier studies of bacteraemia during intubation which performed one culture and/or cultured small volumes of blood may not be accurate.
Considering deficiencies in culture techniques in earlier studies, we thought we would document a higher incidence of bacteraemia, but we did not. This is likely due to the fact that increasing the volume and number of cultures raises the yield when the time of the bacteraemia is not known, as when evaluating febrile patients. However, during direct laryngoscopy the time of the inciting event is clearly apparent. Therefore, two or even one culture may have documented the correct incidence of bacteraemia in earlier studies as long as an appropriate volume of blood was withdrawn. Washington and Ilstrup showed that with a 30 ml volume the rate of false negative cultures approaches zero 6 . Gerber et al 3 cultured 20 ml of blood and performed two cultures which would reasonably rule out the absence of false negative cultures. If we combine our data with theirs we obtain an incidence of bacteraemia of 3.2%, exactly the same as our study alone (95% CI, 0.83% to 9.7%)(n=94).
The rationale for antibiotic prophylaxis is that endocarditis, which is associated with significant morbidity and mortality whether treated medically or surgically, usually follows bacteraemia in patients with underlying cardiovascular abnormalities 21 . Prophylaxis is recommended for patients with certain forms of heart disease (see Table 3 ) for non-sterile procedures which carry a significant risk of bacteraemia (see Table 4 ) 22 . For procedures associated with a low incidence of bacteraemia involving the lower respiratory, genitourinary or gastrointestinal tracts, administration of prophylactic antibiotics has been suggested for patients at high risk of developing or having complications of endocarditis, i.e. those with prosthetic heart valves, a prior history of endocarditis, or surgically constructed systemic-pulmonary shunts or conduits 22 .
If bacteraemia from orotracheal intubation were likely to cause infective endocarditis, there would be many reported cases associated with clean operative procedures where antibiotics were not administered for the surgical procedure. This is not the case and is consistent with the low incidence of bacteraemia documented in this and other studies [1] [2] [3] [4] . Procedures for which prophylactic antibiotics are not recommended include rigid sigmoidoscopy, colonoscopy and urinary catheter insertion 22 , even though these procedures have an associated incidence of bacteraemia of 5%, 5% and 13% respectively 21 . Since direct laryngoscopy and orotracheal intubation result in a 3.2% incidence of bacteraemia, prophylactic antibiotics cannot be recommended, especially since the benefit provided by antibiotic prophylaxis must be compared to the risk of a life-threatening reaction to the antibiotic 23 .
Direct pressure on the oropharyngeal mucosa during direct laryngoscopy may result in sufficient trauma to cause bleeding, possibly increasing the risk of bacteraemia. In the operating room patients are almost invariably asleep and paralysed and intubated by a skilled anaesthesiologist. This is true even in training programs because the majority of patients are easy to intubate. These factors make significant trauma of the oropharyngeal mucosa a rare occurrence in the operating suite. In contrast, intubation on the hospital ward may be performed by housestaff in patients who are neither anaesthetized nor paralysed. This has the potential to result in significant mucosal trauma. Bacteraemia secondary to intubation in the controlled setting of the operating suite may be a less common occurrence than on the hospital ward. Extrapolation of the incidence of bacteraemia from orotracheal intubation in the operating room to other hospitalized patients may be erroneous.
Although it is usual practice to draw blood cultures from different sites, we used a single sterile catheter technique because our protocol required withdrawal of several cultures in rapid sequence, and it would have been difficult to ensure proper preparation of multiple sites in a sterile fashion and withdraw blood as fast as required. It would have been preferable to perform cultures via separate sites and needlesticks, to rule out any possibility of catheter colonization. However, this did not pose a problem in this study as both contaminants isolated, Staphylococcus epidermidis and Propionibacterium species reside on the skin 16 and are almost invariably contaminants 14 . Also, our patients who became bacteraemic grew Streptococcus and Haemophilus species which are known to reside in the oropharynx 16 . Therefore drawing multiple cultures through a single catheter did not confound our data. Both contaminants in our study grew in only a single culture, suggesting that the catheter did not become colonized. Even the patient who grew H. parainfluenzae in two successive cultures subsequently had two negative cultures, again indicating that the catheter did not become colonized. While the patient who grew viridans streptococci had three positive cultures, this most likely represented a persistent bacteraemia, for if catheter contamination was the cause, it could have been expected to occur in one of the other three patients from whom an organism was isolated.
Still, if manpower allows, it would be preferable for research purposes to draw each blood culture from a separate site, as in the clinical setting. This would help provide definitive determination of when organisms represent a true bacteraemia versus contaminant, for if an organism known to frequently represent a contaminant were grown in more than one culture, this would provide strong evidence that in that particular patient it in fact represented bacteraemia. The accepted incidence of culturing and growing contaminants in hospital blood cultures is 3% 24 . Therefore, if separate venipuncture sites are used, the chance of drawing and growing the same contaminant from two sites at two time intervals is 0.09% 25 . If three cultures are drawn from three separate sites, the chance of culturing the same contaminant twice is 0.26%, while the chance of culturing the same contaminant three times is 0.0027% 25 .
The importance of understanding blood culture techniques should be appreciated. Some earlier studies of bacteraemia from intubation reported as true positive cultures which grew organisms which were almost certainly skin contaminants. This is incorrect methodology, as organisms which are known to represent contaminants a large percentage of the time they are grown should be considered as such, unless they are isolated in two or more cultures 8, 11 . When studies are performed to detect bacteraemia secondary to a procedure, three considerations should influence design. First, a minimum of 10 ml, but preferably 20 or even 30 ml of blood per culture should be drawn. Second, a minimum of three and perhaps even four cultures should be obtained. Finally, it is preferable for cultures to be drawn at different sites and via different needlesticks.
In conclusion, we determined the incidence of bacteraemia from direct laryngoscopy and orotracheal intubation in the operating room to be 3.2%. Considering the occurrence of resistant organisms and the risk of life-threatening reactions to antibiotics, this incidence is not large enough to warrant the routine use of prophylactic antibiotics for orotracheal intubation. However, when patients are to receive a prophylactic antibiotic prior to surgery, it would be prudent to administer the antibiotic prior to laryngoscopy and intubation.
